Autoimmune destruction of self tissue is the consequential result of a convergence of several factors, both genetic and environmental, that effectively dislocates the immune system's ability to tolerate selfantigens but simultaneously retains its focus on those perceived as foreign. Although many of these autoimmune targeted selfantigens are known, immune system triggers can be more elusive. Nevertheless, once autoimmunity has been initiated, what is clear is the role that immune complexes (IC) play as a significant driving force in maintaining chronic inflammation and subsequently pathology in many of these conditions. ICs are antibody/antigen assemblies, usually IgG antibody subtype, sometimes found systemically but primarily at the site of autoimmune selfantigen recognition. Nandakumar et al. have revealed a unique approach to the disruption of these pathogenic complexes (1).
Nandakumar et al. used the mouse anticollagen type II (anti-CII) mediated-arthritis model to show that deglycosylated IgG, regardless of Fab antigen specificity, reduces inflammation in a dose-dependent manner (1). This finding suggests that deglycosylated IgG has a dominant suppressive effect on inflammation and points to a unique class of therapeutic immunoglobulins for the treatment of autoimmunity.
Antibody deglycosylation was achieved by in vitro digestion with EndoS (endo-β-Nacetylglucosaminidase). EndoS is an immune evasion factor from Streptococcus pyogenes, which functions by cleaving the glycans from the fragment crystallizable (Fc) domain of IgG molecules (2, 3) . EndoS is highly unusual in its lack of cross-reactivity to other glycoproteins and has a tight specificity for the biantennary glycans found on serum IgG (4) . Hydrolysis of the Fc glycans by EndoS significantly reduces the binding to cellular receptors of the immune system to IgG (5). These Fc γ-receptors (FcγR) bind asymmetrically across the lower hinge region and the tips of the Cγ2 domains (6) . Crystallographic analysis of the endoglycosidasetreated human IgG Fc shows a closed configuration incompatible with receptor binding (7); solution-phase biophysical analysis shows an increased radius of gyration (8) .
Taken together these studies demonstrate that the quaternary architecture of the Fc is perturbed upon deglycosylation (Fig. 1) .
Administration of EndoS has emerged as a promising route to the deactivation of autoimmune antibodies and the alleviation of autoimmunity (9) (10) (11) (12) (13) . However, a recent study by Tradtrantip et al. has suggested that the administration of pathogenic antibodies directed to autoimmune epitopes that have undergone prior deglycosylation ex vivo can also inhibit antibody-dependent cellular cytotoxicity (14) . Similar observations have been made in a murine model of fetal/neonatal alloimmune thrombocytopenia. Bakchoul et al. demonstrated that administration of maternal alloantibodies that have been deglycosylated ex vivo prevent destruction of fetal platelets by endogenous glycosylated autoantibodies (15). Nandakumar et al. have made a surprising and significant step by establishing that the deglycosylated antibody does not need to be epitope-specific (1).
However, epitope-independent anti-inflammatory activity of deglycosylated IgG, although highly unusual, is upon first inspection somewhat contradictory with the observation of the loss of anti-inflammatory activity of intravenous Ig upon deglycosylation in the mouse serum-transfer arthritis model (16) . Intravenous Ig consists of pooled human serum IgG and is used as a broad antiinflammatory. However, different animal strains and the mechanism used for disease induction will both have an impact on which component of immune dysfunction is being tested. The anti-CII mediated-arthritis model adopted by Nandakumar et al. (1) allows for accurate timing of the administration of deglycosylated antibody at the point where IC formation is known to be occurring. It would be interesting to see if these effects could be reproduced within a CII model where endogenous autoantibodies are produced, and which might more closely resemble the challenges faced in the clinic.
The anti-inflammatory mechanism of deglycosylated antibodies is of considerable interest. Although in the epitopedirected study by Tradtrantip et al. (14) the effect on antibody-dependent cellmediated cytotoxicity might be ascribed to a competition with deactivated Fc, the epitope-independent effect on IC formation is less clear. Nandakumar et al. (1) cite early observations that elimination of the Fc (i.e., using Fab′ 2 ) impedes IC formation and thus establishes a role for Fc-Fc interactions as a contributing factor to complex formation and immune precipitation (17, 18) . Nandakumar et al. look to Fc-Fc interactions observed crystallographically to indicate potential interactions occurring within ICs (1). The capacity for self-association of the Fc domain at high concentration is captured by its very name: Fragment crystallizable. Whether any of the lattice interactions observed by X-ray crystallization of the Fc mimic those interactions within the IC is unknown. Similarly, it is unclear how disruption of the quaternary architecture of the Fc domain can impede the association between two glycosylated Fc domains. If the parallels with crystallographic studies hold, then the presence of any derivative of the Fc, which has a different or reduced tendency to form packing interactions, might be expected to have similar effects on IC formation as deglycosylated IgG. For example, amino acid substitutions on the protein surface or even the addition of further N-linked glycosylation sites could offer additional candidates for recombinant anti-inflammatory molecules. Finally, it would be interesting to test whether the disruption to IC formation can be captured simply by the isolated Fc fragment that has been deglycosylated or otherwise modified.
The anti-inflammatory activity of deglycosylated antibodies may also contribute to the amelioration of autoimmunity by the administration of EndoS. Although EndoS is thought to act principally through the disruption of Fc-FcγR interactions (20) , the observations by Nandakumar et al. (1) may point to a more pronounced anti-inflammatory effect than solely predicted by disrupted Fc-FcγR interactions. Evidence to support this might be found in an earlier study by Albert et al., which investigated the effect of EndoS on BXSB mice, which spontaneously develop autoantibodies and lupus-like disease, with and without the FcγR γ-chain (BXSB-γ −/− ) (9). Although EndoS had no discernible impact on spontaneous autoantibody production, it did have a significant protective effect on autoantibodymediated mortality beyond that afforded by the FcγR γ-chain.
Further efforts to explore the full potential of deglycosylated antibodies for the treatment of autoimmune disease, together with the molecular dissection of the mechanisms underpinning their efficacy, will no doubt illuminate routes to the production of effective recombinant antibody-based therapies.
